organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

9-{[4-(Dimethylamino)benzyl]amino}- 
5-(4-hydroxy-3,5-dimethoxyphenyl)- 
5,5a,8a,9-tetrahydrofuro[3',4':6,7]- 
naphtho[2,3-c/] [1 ,3]dioxol-6(8H)-one 
methanol monosolvate 

Hong Chen, a Dan-Li Tian, b Hong Chen, cb * Shao-Yu Shi b 
and Ting Ai b 

a Affiliated Hospital of the Medical College of the Chinese People's Armed Police 
Forces, Tianjin 300162, People's Republic of China, b Room of Pharmacognosy, 
Medical College of the Chinese People's Armed Police Forces, Tianjin 3001 62, 
People's Republic of China, and c Tianjin Key Laboratory for Biomarkers of 
Occupational and Environmental Hazards, Tianjin 300162, People's Republic of 
China 

Correspondence e-mail: tjch2010@yahoo.cn 

Received 27 September 201 1 ; accepted 1 7 October 201 1 

Key indicators: single-crystal X-ray study; T = 1 1 3 K; mean cr(C-C) = 0.004 A; 
R factor = 0.052; wR factor = 0.107; data-to-parameter ratio = 9.6. 



In the title compound, C30H32N2O7CH4O, the tetrahydro- 
furan ring and the six-membered ring fused to it both display 
envelope conformations, with the ring C atom opposite the 
carbonyl group and the adjacent bridgehead C atom as the 
flaps, respectively. In the crystal structure, intermolecular O — 
H- ■ O hydrogen bonds link all moieties into ribbons along 
[010]. Weak intermolecular C— H- ■ O interactions consoli- 
date the crystal packing further. 

Related literature 

For the crystal structures of related podophyllotoxin deriva- 
tives, see: Luo et al. (2011); Li et at (2011). 



Experimental 

Crystal data 

C 30 H 32 N 2 O 7 CH4O 
M r = 56A.62 
Monoclinic, P2 1 
a = 11.128 (4) A 
b = 8.757 (3) A 
c = 15.057 (5) A 
/3 = 105.093 (6)° 

Data collection 

Rigaku Saturn724 CCD 
diffractometer 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2007) 
T min = 0.981, r miix = 0.989 

Refinement 

R[F 2 > 2a(F 2 )] = 0.052 

wR(F 2 ) = 0.107 

S = 1.06 

3602 reflections 

377 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 1416.7 (8) A 3 
Z = 2 

Mo Ka radiation 
li = 0.10 mm~' 
T = 113 K 

0.20 x 0.18 x 0.12 mm 



14990 measured reflections 
3602 independent reflections 
3167 reflections with / > 2tr(/) 
R iM = 0.060 



1 restraint 

H-atom parameters constrained 
Aft,„ = 0.33 e A~ 3 
Apmh>= -0.36 e A~ 3 





D-H 


H- ■ A 


D-A 


D-H-A 


OS-HSA- ■ Ol 


0.84 


1.95 


2.777 (3) 


170 


06-H6A- ■ O8 1 


0.84 


1.97 


2.756 (3) 


156 


C7-H7B-N1" 


0.99 


2.62 


3.473 (4) 


145 


C13-H13B- ■ -Off" 


0.99 


2.52 


3.463 (4) 


159 


C24-H24.4- ■ 03 iv 


0.95 


2.35 


3.242 (4) 


156 


Symmetry codes: (i) — x - 


'rl,y-\,-z + 


l;(n)i,y-l,z; 


(iii) —x + 2, v - 


H|,-S + l;(iv) 



x.y+ l,z. 

Data collection: CrystalClear (Rigaku, 2007); cell refinement: 
CrystalClear; data reduction: CrystalClear; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: CV5160). 
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9-{[4-(Dimethylamino)benzyl]amino}-5-(4-hydroxy-3,5-dimethoxyphenyl)-5,5a,8a,9- 
tetrahydrofuro[3',4':6,7]naphtho[2,3-</l [l,3]dioxol-6(8//)-one methanol monosolvate 

H. Chen, D.-L. Tian, H. Chen, S.-Y. Shi and T. Ai 
Comment 

In continuation of our structural study of new derivatives of Podophyllotoxin (Luo et ai, 2011; Li et ah, 2011), we report 
here the crystal structure of the title compound (I). 

In (I) (Fig. 1), all bond lengths and angles are normal and in a good agreement with those reported previously for re- 
lated compounds (Luo et ai, 2011; Li et ai, 2011). The tetrahydrofuran ring (C1/C2/C12/C13/02) and the six-membered 
ring (C2-C4/C 10-02) fused to it both display envelope conformations. The dihedral angles between the benzene ring 
(C4-C6/C8-C10) of the benzo[«T]-[l,3]dioxole and the other two benzene ring (C14-C19 and C23-C28) are 80.47 (3) and 
71.32 (2)°, respectively. 

In the crystal structure, intermolecular O — H-0 hydrogen bonds (Table 1) link all moieties into ribbons in [010]. Weak 
intermolecular C — H - 0 interactions (Table 1) consolidate further the crystal packing. 

Experimental 

The title compound was synthesized in two steps. A mixture of 4-dimethylamino carbaldehyde (0.179 g,1.2 mmol), 4P- 
amino-4-De methyl-epipodophyllotoxin (0.399 g, 1 mmol) and two drops of acetic in 95% ethanol (30 ml) was stirred for 
6 h, then an appropriate amount of NaBH4 was added and the mixture stirred for 2 h at 273 K. After the addition of 5% 
HC1 (5 ml) to end off the reaction, the mixture was concentrated in vacuo and the pH adjusted to basic conditions with 
a saturated NaHC03 solution. The reaction mixture was extracted with CH2CI2, dried over MgS04 and concentrated in 
vacuo. The residue was dissolved in methanol and slow evaporation over two weeks at room temperature gave colourless 
crystal suitable for X-ray analysis. 

Refinement 

All H atoms were found on difference maps, but placed in idealized positions with C — H = 0.95-1.00 A, N — H = 0.88 
A, O — H = 0.84 A, and included in the final cycles of refinement using a riding model, with (7i S0 (H) = 1.2-1. 5£/ e q of the 
parent atom. In the absence of significant anomalous scatterers in the molecule, 2757 Friedel pairs were merged before the 
final refinement. 
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Figures 




Fig. 1. View of the title compound, with displacement ellipsoids drawn at the 40% probability 
level. Dashed line denotes hydrogen bond. 



9-{[4-(Dimethylamino)benzyl]amino}-5-(4-hydroxy-3,5-dimethoxyphenyl)- 5,5a,8a,9- 
tetrahydrofuro[3',4':6,7]naphtho[2,3-c/|[1,3]dioxol- 6(8H)-one methanol monosolvate 



Crystal data 
C 3 oH 32 N20 7 CH 4 0 
M r = 564.62 
Monoclinic, P2\ 
Hall symbol: P 2yb 
0 = 11.128 (4) A 
ft = 8.757 (3) A 
c= 15.057 (5) A 
(3= 105.093 (6)° 
V= 1416.7(8) A 3 
2 = 2 



F(000) = 600 

D x = 1.324 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 3904 reflections 

9= 1.4-27.9° 

H = 0.10 mm -1 

T= 113 K 

Prism, colourless 

0.20x0.18x0.12 mm 



Data collection 

Rigaku Saturn724 CCD 
diffractometer 

Radiation source: rotating anode 
multilayer 

Detector resolution: 14.22 pixels mm" 1 
co and cp scans 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2007) 

J min = 0.98 l,J max = 0.989 

14990 measured reflections 



3602 independent reflections 

3167 reflections with / > 2o(i) 
R int = 0.060 
A =27 9° 
/! = -14->-14 

Jt = — 11 — 

/= 19^19 



Refinement 

Refinement on F 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.052 
wR(F 2 ) = 0.107 
S= 1.06 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o\f o 2 ) + (0.0493P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 



sup-2 



supplementary materials 



3602 reflections 
377 parameters 
1 restraint 



(A/0) max < 0.001 
Ap m ax = 0.33 e A~" 
Apmin = -0.36 e A 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and if- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




Ol 


0.74921 (18) 


0.6561 (3) 


0.65328 (15) 


0.0284 (5) 


02 
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0.66811 (13) 


0.0252 (5) 


03 
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04 
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05 
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07 
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Atomic displacement parameters (A 2 ) 
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0.0306 (16) 


A A 1 A/C 

0.0196 


( 1 1\ 

(12) 


A AAT A i 1 1 \ 

-0.0074 (11) 


A AA"7T /A\ 

0.0073 (9) 


A AAT T / 1 1 \ 

-0.0027 (11) 


tvtt 

N2 


0.0411 


( 1 £L\ 

(16) 


A A A 1 

0.041 (2) 


0.0359 


(16) 


u.uiDy (io) 


A A 1 *7T /I 1\ 

-U.U1 15 (13) 


AA1TT /I C\ 

-0.0133 (15) 


LI 


0.0224 


{ 1 A\ 

(14) 


a m 1 c /1 o\ 

0.0215 (18) 


A AT T A 

0.0220 


( \* A \ 

(14) 


A AAA 1 / 1 T \ 

0.0001 (13) 


A AA C 1 /I T\ 

0.0051 (12) 


A AAT 1 / 1 T\ 

0.0031 (12) 


C2 


A A 1 O 1 

0.0181 


C\ T\ 

(13) 


A AT 11 / 1 T"\ 

0.0211 (17) 


0.0172 


(13) 


A AAA/C /I T\ 

0.0006 (13) 


A AA /IT / 1 1 \ 

0.0043 (11) 


A AAA*7 / 1 1\ 

-0.0007 (12) 


C3 


A A 1 TT 

0.0172 


C\ T\ 

(13) 


A A 1 /C A /I/;"* 

0.0169 (16) 


A A 1 TO 

0.0178 


C\ T\ 

(13) 


A AAA/I /1 T\ 

0.0006 (12) 


A AA/C /I / 1 1 \ 

0.0064 (11) 


A AATA /I 1\ 

0.0029 (12) 


C4 


0.0183 


T\ 

(13) 


A A1 on / 1 c\ 
0.018/ (15) 


A A 1 T A 
0.0130 


( 1 T\ 

(12) 


A AAA 1 ("1 1\ 

U.UUU1 (13) 


A AAT 0/1 A\ 
0.0038 (10) 


A AAA/C /I 1 \ 

-O.OOOo (11) 


C5 


0.0194 


(13) 


A A1A*7 ( ~\ C\ 

0.0197 (16) 


0.0193 


C\ T\ 

(13) 


A AAA Z. /I 1\ 

0.0005 (13) 


A AAT A /1 1 \ 

0.0039 (11) 


A A A 1/1 / 1 T\ 

0.0014 (12) 


Co 


A AT /I T 

0.0242 


(14) 


A A 1 TA /1 /C~\ 

0.0179 (16) 


A A 1 OA 

0.0180 


M T\ 

(13) 


A AA 1 T / 1 A \ 

-0.0013 (14) 


A AACT / 1 1 \ 

0.0052 (11) 


A AAT T /I 1\ 

0.0023 (12) 


C7 


A AT Ol 

0.0282 


C\ C\ 

(15) 


A AT AA /1 H\ 

0.0200 (17) 


A AT TT 

0.0272 


(16) 


A AAA A /I A\ 

0.0000 (14) 


A AACT / 1 T\ 

0.0053 (13) 


A AATA / 1 T \ 

0.0079 (13) 


/"'O 

Co 


0.0250 


( \* A\ 

(14) 


A A 1 A A ( 1 *7^ 

0.0194 (i /) 


0.0206 


< 1 A\ 

(14) 


A AA C C ( 1 A \ 

U.UUdd (14) 


A AAAA / 1 

0.000y (12) 


A AAT 1 /I 1\ 

0.0031 (13) 


C9 


0.0197 


(13) 


0.0203 (17) 


0.0254 


( 1 C\ 

(15) 


A AAAA /1 T\ 

0.0009 (13) 


A AAT 1 / 1 T\ 

0.0031 (12) 


A AAAT /I 

0.0003 (12) 


CIO 


A AT AO 

0.0208 


( 1 T\ 

(13) 


A A 1 O 1 /1 

0.0181 (16) 


A A 1 A O 

0.0148 


(13) 


A AAAT" / 1 T^ 

-0.0007 (12) 


A A A C 1 / 1 1 ~\ 

0.0051 (11) 


A AA 1 A / 1 1 \ 

-0.0010 (11) 


Cll 


0.0157 


M T\ 

(13) 


A AT TI /I T"\ 

0.0221 (17) 


0.0195 


( 1 A\ 

(14) 


A AAAT /I 1\ 

-0.0003 (12) 


A AACT / 1 1 \ 

0.00^2 (11) 


A A A 1 £L / 1 T\ 

-0.0016 (12) 


z"" 1 1 T 

C12 


0.0184 


f\ T\ 

(13) 


A AT AT / 1 

0.0203 (lo) 


0.0192 


C\ T\ 

(13) 


A AA 1 A /I 1\ 

-0.0010 (13) 


A AA A C /1 1 \ 

0.004D (11) 


A AAA/C / 1 1\ 

-0.0006 (12) 


C13 


0.0178 


{ 1 T\ 

(13) 


A AT /C C /I t)\ 

0.0265 (18) 


0.0218 


( \* A \ 

(14) 


A AAT C f 1 T"\ 

-0.0036 (13) 


A AA /IT / 1 1 \ 

0.0043 (11) 


A AA 1 *7 / 1 T \ 

0.0017 (13) 


C14 


0.0153 


(12) 


A A 1 O T / 1 /^\ 

0.0183 (16) 


0.0170 


(13) 


-0.0022 (12) 


A AAT A /1 A\ 

0.0029 (10) 


A AA 1 T /1 1 \ 

0.0012 (ll) 


pic 
C15 


A ATAT 

0.0202 


(13) 


AA1*71 ( ~\ £\ 

0.01 /I (lo) 


0.0193 


( \* A \ 

(14) 


A AA IO ("1 1\ 

U.lXJlo (13) 


A AA CO /1 1 \ 

O.OOdo (11) 


A AAA O /I 

0.0008 (12) 


C16 


0.0135 


(12) 


a atac ( 1 '"7\ 

0.0205 (17) 


0.0196 


(14) 


A A A 1 A ( 1 1 \ 

0.0010 (11) 


AAAA1 /I I \ 

0.0001 (11) 


A AATT ( 1 T\ 

0.0023 (12) 


C17 


A A 1 TA 

0.0170 


^1 T\ 

(12) 


A A 1 /C A / 1 C\ 

0.0160 (15) 


A A 1 "7/1 

0.0174 


(13) 


A AAT/I / 1 T\ 

-0.0026 (12) 


A AAT £ f 1 1 \ 

0.0036 (11) 


A AAAA /1 1 \ 

-0.0009 (11) 


C18 


A A 1 /CA 

0.0169 


{ 1 T\ 

(12) 


A A 1 TO /1 /C\ 

0.0178 (16) 


A A 1 "7 1 

0.0171 


M T\ 

(13) 


A AAA/C /1 T~\ 

0.0006 (12) 


A A A C A / 1 A~\ 

0.0050 (10) 


A AAA A / 1 1 "\ 
0.0004 (11) 


ci9 


A A 1 CT 

0.0157 


( 1 T~\ 

(12) 


A AT 11/1 C\ 

0.0211 (16) 


0.0197 


('I T\ 

(13) 


A A AT O / 1 T\ 

U.lXJzo (12) 


A AAT /C / 1 f\\ 

0.0036 (10) 


A A A 1 T /1 T\ 
0.001 / (12) 


C20 


0.0211 


(14) 


A AT T /T\ 

0.032 (2) 


A Alio 

0.0228 


(15) 


A AA/'T / 1 

0.0063 (15) 


A AAT/' ( 1 T\ 

0.0036 (12) 


A AA 11 /1 A \ 

-0.0011 (14) 


C21 


A AT 1 A 

0.0219 


^ 1 C\ 

(15) 


A AT "7 C /1 A\ 

0.0275 (19) 


A AT T A 

0.0329 


(17) 


A AA/CO /I /I \ 

0.0068 (14) 


A AATA / 1 T~\ 

0.0020 (13) 


A AAT O / 1 

-0.0038 (15) 


C22 


A AT/CO 

0.0268 


/" 1 C\ 

(15) 


A A/1A /T~\ 

0.040 (2) 


A ATT/C 

0.0226 


( 1 C\ 

(15) 


AA1T/1 /1/C~\ 

-0.0134 (16) 


A A A 1/1/1 T\ 

0.0014 (12) 


A AATA /1 

0.0070 (15) 


C23 


0.0175 


(13) 


A AT T /T\ 

0.033 (2) 


0.0254 


(15) 


A AAOA ( 1 /I \ 

-0.0080 (14) 


A AATA ( 1 T\ 

0.0039 (12) 


A AAT C f 1 A\ 

-0.0035 (14) 


C24 


0.0191 


(14) 


0.0296 (19) 


0.0270 


(15) 


0.0054 (14) 


0.0008 (12) 


0.0025 (14) 


C25 


0.0236 


(14) 


0.0264 (19) 


0.0281 


(16) 


0.0018(14) 


0.0050 (12) 


-0.0032 (14) 


C26 


0.0198 


(14) 


0.0272 (19) 


0.0297 


(16) 


0.0005 (14) 


-0.0022 (12) 


-0.0008 (14) 


C27 


0.0299 


(17) 


0.031 (2) 


0.0398 


(19) 


0.0139 (17) 


-0.0057 (15) 


-0.0049 (17) 


C28 


0.0289 


(16) 


0.028 (2) 


0.0371 


(18) 


0.0019(16) 


0.0023 (14) 


-0.0139(16) 


C29 


0.0393 


(19) 


0.047 (2) 


0.0243 


(17) 


0.0024 (19) 


-0.0011 (14) 


-0.0085 (17) 


C30 


0.0266 


(16) 


0.042 (2) 


0.0385 


(19) 


0.0024(17) 


-0.0042 (14) 


0.0112 (18) 


08 


0.0234 


(11) 


0.0408 (15) 


0.0328 


(12) 


-0.0059 (12) 


0.0029 (9) 


0.0056 (12) 


C31 


0.044 (2) 


0.063 (3) 


0.044 (2) 


-0.011 (2) 


0.0152(17) 


-0.014 (2) 



Geometric parameters (A, °) 

Ol— CI 1.217(3) C13— H13A 0.9900 
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J.iM (3) 
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1.354 (4) 


U3 — c / 
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1.43 / (4 J 


<J4 — Co 


l.ioz (4) 


C\A p-7 
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1 /I Af\ ( A \ 

1.44U (4 ) 
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1.30s (3 ) 


Uj — CzU 
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1.433 (3 ) 


Oo — CI / 


1 1 £A /I \ 

1.30V (3) 


Uo — hi OA 


A O /I AA 

U.84UU 
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V 1 — C 1 o 


1.35Z (3) 


PO p o 1 

U / — Cz 1 


1 A1A(A\ 

1.434 (4) 


XT 1 P1 1 

JN 1 — C 1 1 


1.45U (4) 


xt 1 m 
JN 1 — CzZ 


1.493 (4 J 


XT 1 TJI A 

JN 1 — hllA 


A OOAA 

U.ooUU 


XT') /'•">/' 

JNz — CzO 


1 1 OA (A \ 

1.359 (4) 


JN2 — C29 


1.437 (5) 


\n pin 
JNz — C3U 


1 A Af\ 

1.44U (3) 


p i po 
CI — Cz 


1 ^A£ 

1.3U0 (4 ) 


pi pn 
Cz — Clz 


1 CTO ('/IN 
1.3Z5 (4) 


PO Z" 1 ! 

Cz — C3 


1.334 (4 ) 


C2 — riZA 


1 AAAA 

l.UUUU 


C3 — C4 


1 (A \ 

1.3Z0 (4 ) 


P"} pi 1 A 

C3 — C14 


1 CIA fA\ 

1.339 (4) 


PO TJI A 

C3 — 1 13 A 


1 AAAA 
l.UUUU 


z~m nn 
C4 — C1U 


1.4U8 (4) 


pi /i pir 
C4 — CD 


1 A 1 1 f A\ 

1.413 (4) 


PC ( " /, 

C3 — Co 


1 1C\ (A \ 

1.301 (4) 


PC IIC A 

CD — hl3A 


U.93UU 


Co — C8 


1.392 (4) 


f^H I I "7 A 

C / — hi / A 


A AAAA 

U.99UU 


C/ — hl/B 


A AAAA 

U.yyUU 


/-in PA 

C8 — C9 


1 tcc //|\ 

1.333 (4) 


PQ / "< 1 Pi 

C9 — C1U 


YAH (4 J 


CQ T4Q A 

V V 1 1 / /A 


U.7JUU 


CIO — Cll 


1.528 (4) 


Cll — C12 


1.522 (4) 


Cll — HllA 


1.0000 


C12 — C13 


1.518 (4) 


C12 — H12A 


1.0000 


CI — U2 — CI J 


lUy.3 (2) 


PO p,i p-7 

Co — UJ — C / 


1U4.D (I) 


p/c r\A r^n 

Co — 04 — C7 


1U4.D (1) 


CI 8— 05— C20 


116.2 (2) 


CI 7 — 06 — H6A 


109.5 


CI 6— 07— C21 


116.9(2) 


Cll— Nl— C22 


113.6(2) 


Cll— Nl— HI A 


123.2 


C22— Nl— H1A 


123.2 



pi-) III in 

C13 — hll3r> 


A AAAA 

u.yyuu 


/~i i /i pm 

Cl4^ — Cly 


1 1 AA fA\ 

i.3yu (4) 


/~i 1 /I p^ 1 C 

C14 — C13 


1 1 AA (A \ 

i.3yy (4) 


PK /"< 1 

C 1 3 — C 1 0 


1.393 (4) 


PK T_T 1 C A 

C 1 3 — hi 1 3A 


A nCAH 

U.93UU 


z" 1 1 £ pn 
C 1 0 — C 1 / 


1 1A/1 ( A\ 

1.394 (4) 


Z" 1 1 *7 PIO 

C 1 / — C 1 5 


1.4UZ (3) 


pio pm 

Clo — Cly 


1 1 AO //lA 

1.392 (4) 


ri|A TT1AA 

Cly — H19A 


0.9500 


Pin i nn a 
CzU — hlzUA 


A AOAA 

u.youu 


CzU — rlZUr> 


A OOAA 

U.9oUU 


P^n i n i\( • 

CzU — hlzUC 


A AOAA 

U.98UU 


PI 1 T T--> 1 A 

Czl — HzlA 


A A OAA 

0.9800 


p~> i no i t-> 

Czl — hlZlB 


a nonri 

u.ysuu 


pi i 1 1 ■) i p 
Cz 1 — rlZ 1 C 


n QQnn 

u.ysuu 


POO poi 

CzZ — Cz3 


1 O/l { A \ 

1.52U (4) 


poo i m * 
CzZ — HZZA 


u.yyuu 


POT OOOD 

C2Z — WLLo 


u.yyuu 


Cz3 — Cz4 


1 IOC I z\ 

1.355 (5) 


POI POO 

Cz3 — Czo 


1 TOO 

1.355 (5) 


PO/I p~> c 

Cz4 — Cz3 


1.351 (4) 


PO /I UO/1 A 

Cz4 — hlz4A 


u.ysuu 


PTC r-i/ 

Cz3 — CzO 


1.3y/ (4) 


PTC l n C A 

Cz3 — H23A 


u.ysuu 


/'•">/' poo 

CzO — Cz / 


1.4U5 (5) 


POO POO 

Cz / — Czo 


1.3 /y (4) 


poo i m a 
Cz / — hlz / A 


u.ysuu 


POO no o A 

Czo — hlZoA 


u.ysuu 


p^n uon a 

Czy — hizyA 


A AOAA 

u.ysuu 


poq i n(in 

czy — rizyt> 


A OOAA 

u.ysuu 


Pin Tjinp 1 

Czy — hizyc 


A AOAA 

u.ysuu 


plA TJI A A 

C3U — hl3UA 


A AOAA 

u.ysuu 


Pin 1 1 1 no 
C3U — Jd3UB 


A AOAA 

u.ysuu 


C30— H30C 


0.9800 


08— C31 


1.431 (4) 


Q8 — H8A 


0.8400 


C31 — H31A 


0.9800 


C31 — H31B 


0.9800 


C31 — H31C 


0.9800 


C 1 5 — C 1 4 — C 3 


1 1 A H i"t\ 

iiy./ (z) 


P1£ PIT pil 

C16 — CO — C14 


line ii\ 
liy.5 (3) 


pi£ pK Ul C A 

C 1 6 — C 1 5 — ti 1 5 A 


1 in i 


PI/l PI C TT1CA 

C14 — C15 — H15A 


120.2 


07— C16— C15 


125.0 (3) 


07— C16— C17 


113.6 (2) 


C15— C16— C17 


121.4 (2) 


06— C17— C16 


123.3 (2) 


06— C17— C18 


118.0 (2) 
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1 on 1 (i\ 
1ZU.1 (3) 


CZo — JNZ — C3U 


1 1 n c /"]\ 
11V.J (3) 


pon \n pin 
CZy — JNZ — C3U 


1 1 O O /0\ 

llo.o (3) 


p i pi p-> 
O 1 — C 1 — oz 


1 on c 
IZU.j (3 ) 


p 1 pi /-it 

Ol — CI — cz 


1 in n (i\ 
IZV. / (3) 


p\o pi n 
OZ — CI — CZ 


1 nn o /o\ 
1UV. / yi) 


( • i po pn 
CI — CZ — C1Z 


1 no o /">\ 
1UZ.3 \l) 


PI f pn 

CI — CZ — C3 


izu.4 yi ) 


p 1 t p-"> pQ 

C1Z — CZ — C3 


111 C /0\ 

HZ.j (3) 


/ • i po i n a 
C 1 — CZ — HZ A 


1 r\c n 
lUo.v 


p 1 t pi I l-v A 

C 1 Z — CZ — HZ A 


1 n^ n 


po pi [ n a 
C3 — CZ — HZA 


1 n/; n 

iuo.y 


P/l pQ PI 

C4 — C3 — CZ 


1 n*7 C ZO\ 
1U /.J (Z) 


P/l pQ P 1 /l 

C4 — C3 — C14 


1 1 A / /0\ 

iiu.o yi) 


pi PQ p 1 /I 

CZ — C3 — C14 


I 1 C O p>\ 

II J. Z (Z) 


P/l pQ TJQ A 

C4 — C 3 — H 3 A 


1 n*7 o 
1U /.0 


PO PQ TJQ A 

CZ — C3 — H 3 A 


1 n*7 o 
1U /.O 
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1 1U.Z 
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1 1U.Z 
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IUo.j 
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pn pin pi i 
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114.0 (3) 
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Nl — Cll — CIO 


1 nn 1 /i\ 

109.1 (2) 


C12— Cll— CIO 


109.6 (2) 


Nl— Cll— H11A 


108.0 


C12— Cll— H11A 


108.0 


CIO— Cll— HI 1A 


108.0 


C13— C12— Cll 


120.2 (2) 
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POT POO TJOO A 

CZ3 — CZZ — HZZA 


1 nn o 

iuy.z 


\ti poo 1 10 OI) 

JN 1 — CZZ — HZZB 


1 no o 

iuy.z 


P11 POO TUOOTD 

CZ3 — CZZ — HZZB 


1 nn o 

iuy.z 


T_JOO A POO TUOOTJ 

HZZA — CZZ — HZZB 


1 no n 

iu/.y 


PO/1 POO POO 

CZ4 — CZ 3 — CZ o 


1 1 o o /o\ 

117.3 (3) 


po/i poo pn 
CZ4 — CZ 3 — CZZ 


1 OO O (1 \ 

1ZZ.0 (3) 


p ■-) Q poo pn 

CZo — CZ3 — CZZ 


1 1 n o /o\ 
liy.O (3) 


p -\ c PO/1 POO 

CZj — CZ4 — CZ3 


1 O 1 O (1 \ 

1Z1.0 (3) 


POC PO/1 TJTO/1 A 

CZj — CZ4 — HZ4A 


1 1 n 1 

i iy.i 


poo po/i in i a 
CZ3 — CZ4 — HZ4A 


1 1 n 1 

i iy.i 


PO/i poc pi/: 
CZ4 — CZj — CZo 


1 O 1 1 (1 \ 

1Z1.1 (3) 


PO/1 POC T_JOC A 

CZ4 — CZj — HZ j A 


1 i n c 

ny.j 


P1/T POC TJOC A 

CZo — CZj — HZjA 


1 1 n c 

ny.j 


\n pi/; POC 

JNZ — CZo — CZj 


1 O 1 O (1 \ 

1Z1 . / (3) 


MO P"> A POO 

JNZ — CZo — CZ / 


1 O 1 O (1\ 

III. 1 (3) 


poc pi/: po*7 
CZj — CZo — CZ / 


1 1 o i /o\ 

117.1 (3) 


POO POO PO/i 

CZo — CZ / — CZo 


121.U (3) 


PIO POO TJOO A 

CZo — CZ / — HZ / A 


line 


pi/ Pin TJOO A 

CZo — CZ / — HZ / A 


lift c 


POO POO POO 

CZ / — CZo — CZ3 


121.5 (i) 


POO POO TJOO A 

CZ / — CZo — HZoA 


1 in I 

ny.i 


POO POO TJOO A 

CZ3 — CZo — HZoA 


ny.i 


N2— C29— H29A 


109.5 


N2— C29— H29B 


109.5 


H29A— C29— H29B 


109.5 


N2— C29— H29C 


109.5 


H29A— C29— H29C 


109.5 


H29B— C29— H29C 


109.5 
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C 1 3 — C 1 2 — Cz 


1 aa o o\ 
1UU.0 \l) 


CI 1 — CI z — Cz 


111 A /">\ 

1 1 1 .4 (Z) 


CI 3 — ClZ — hllzA 


1 a*7 a 
1U /.V 


CI 1 — ClZ — hllzA 


1 a*7 a 

iu /.y 


Cz — C 1 Z — hi 1 ZA 


1 a*7 a 

iu /.y 


L)z — C 1 3 — C 1 z 


1U3.0 (Z) 


<Jz — C 1 3 — hi 1 3 A 


in n 
1 1 1 .U 


pi 7 p 1 1 UllA 

viz V 1 J 1 1 1 Jrt 


1 1 1 .u 


02 — C13 — H13B 


111.0 


C12 — C13 — H13B 


111.0 


H13A — C13 — H13B 


109.0 


C19 — C14 — C15 


119.3 (3) 


C19 — C14 — C3 


120.9 (2) 


pi i p.-> pi p.1 
CI J — UZ — CI — Ul 


1 *7C A 

1 / J.U (3 J 


P1 o p-> pi pi 
CI 3 — UZ — CI — Cz 


-2.7 (3) 


p.1 pi p-> fn o 
Ul — CI — Cz — ClZ 


1 £0 1 f1\ 

10Z.1 (3 J 


p-> p 1 p-> pi i 
UZ — C 1 — Cz — C 1 z 


-ZU.D (3) 


P 1 n ri^ PI 

U 1 — C 1 — CZ — C3 


30.4 (3) 


p-> pi p-> /""i 
Uz — C 1 — Cz — C3 


1 A £ 1 

-140.1 (Z) 


pi pi pi p/i 
CI — Cz — C3 — C4 


1 /Z.J (Z) 


pi -> PI PI P/1 

C 1 Z — CZ — C3 — C4 


M .0 (3) 


P1 PI pi pi A 

C 1 — CZ — C3 — C 1 4 


4o. / (3) 


pn p-> pi pi i 
C 1 Z — CZ — C3 — C 1 4 


-/Z.U (3) 


p-> pi p/i pin 
Cz — C3 — C4 — C 1 1) 


— ZZ.J (3) 


pi 1 pi pyi pin 
C 1 4 C3 — C4 C 1 0 


1 f\A 1 

1U4.1 (3) 


P-> PI P/1 PC 

CZ — C3 — C4 — CD 


loz.z (Z) 


pi A pi p/1 PC 

C14 — ti — C4 CJ 


"71 "2 /1\ 

-71.3 (3) 


pin p/i pc p/: 
C 1 0 — C4 — CD — Co 


0.7 (4) 


pi p/i pc 

Co — C4 — Cj — Co 


1 /0.Z (Z J 


p/i pc r\A 
C4 — CD — Co — U4 


— 1 1 1.1 (3 ) 


P/1 PC P£ PQ 

C4 — CJ — Co — Co 


-1.3 (4) 


p~7 p/i p/; pc 
C / — U4 — Co — C J 


1 *7 1 1 f1\ 

— 1/1.1 (3) 


p"7 P/i p/: po 
C / — U4 — Co — Co 


12.7 (3) 


PO PI P"7 P/1 

Co — U3 — C / — U4 


ZU.3 (3) 


p/; p/i p"7 pi 
Co — U4 — C / — U3 


— zU.4 (3) 


p"7 pi po pn 

c / — U3 — Co — cy 


1 in i \ 
1 /U.l (3) 


p~7 pi po p/; 
C / — U3 — Co — Co 


1 1 C (1\ 
-lZ.0 \p) 


pc p/: po pn 
Cj — Co — Co — Cy 


U.o (j) 


p/i p/: po pn 

U4 — co — Co — cy 


1 m a (i \ 
V 1 1 A (3) 


pc p/; po pi 
CJ — Co — Co — U3 


—1 /O.O (3) 


p/i p/: po pi 
U4 Co — Co — U3 


-0.1 (3) 


ai po pn pin 

ui — Co — cy — C 1 u 


177.3 (3) 


p/: po pn pin 
Co — Co — CV — C 1 0 


0.4 (5) 


pc P/i pin pn 

C 5 — C4 — C 1 0 — C9 


l\ A [A \ 

0.4 (4) 


C3— C4— CIO— C9 


-174.8 (3) 


C5— C4— CIO— Cll 


-179.2 (3) 


C3— C4— CIO— Cll 


5.6 (4) 


C8— C9— CIO— C4 


-0.9 (4) 


C8— C9— CIO— Cll 


178.7 (2) 



JNZ — C3U — hl3UA 


1 AO Q 

iuy.!> 


JNZ — C3U — hl3UB 


1 AA Z 


hl3UA — C3U — hl3UB 


1 AA Z 

iuy.3 


\n pin i nnr 
JNz — C3U — hl3UC 


1 AA Z 


TJinA pin II") Pi/ " 

hi 3 U A — C 3 U — hi 3 UC 


1 AA Z 

iuy.!> 


I 1 1 PiD pin 1 11 Pi/ " 

hl3UB — C3U — hl3UC 


1 AA Z 


pi 1 p,o lit) * 

C31 — Uo — hloA 


1 AA Z 

iuy.!> 


OS P^1 A 


1 \Jy . J 


08 — C31 — H31B 


109.5 


H3 1 A — C3 1 — H3 IB 


109.5 


08 — C31 — H31C 


109.5 


H31A — C31 — H31C 


109.5 


H31B — C31 — H31C 


109.5 


pi pi pn p 1 1 
C i — CZ — C 1 Z — C 1 j 


1 £.A Z /")\ 

lo4.3 (Z) 


pi pi pn pii 
CI — CZ — C 1 Z — C 1 1 


loz.!> (Z) 


pi po rn p 1 1 
Cj — CZ — C 1 Z — C 1 1 


— 00. 0 {3 ) 


pi pt p 1 1 

CI — UZ — CI 3 — ClZ 


"> C 1 (1 \ 

ZJ.l \p) 


P11 PIT P11 PI 

Cll — ClZ — CI 3 — UZ 


1 CO o o\ 
— 1 JO. 5 (Z) 


pi pn p 1 1 pi 
Cz — C 1 Z — C 1 3 — UZ 


i /: a /I \ 
3 O.U (3) 


p/i pi p 1 /i pin 
C4 — C3 — C 1 4 — C 1 y 


—1 1 A (4) 


pt pi p 1 /i pin 
Cz — C3 — C 1 4 — c i y 


y4.o (3) 


P/1 PI P 1 /I P1C 

C4 — Cj — C 1 4 — C 1 J 


1 /IA 1 

i4y.i (3) 


PI PI PI /I PI c 

CZ — C3 — C14 — CI J 


— 00.5 (3) 


pin pi/1 pic pu 
Ciy — C14 — CI J — Clo 


A 1 ( A\ 

-0.1 (4) 


PI P 1 A PIC P1£ 

C J — C 1 4 C 1 J — C 1 0 


—l /0. / \p) 


P11 p-7 pu P1C 

CZ1 — U/ — Clo — CI J 


n n ( a\ 

1.1 (4) 


P11 r\n P1 / pn 

CZ1 — U/ — Clo — CI / 


—\ /3.y (z) 


PH P1C PU P-7 

C 14 — C 1 J — C 1 0 — U / 


1 *7A 1 /I \ 

i /y.z (3) 


pn pic pu pn 
C14 — ClJ — Clo — CI / 


A A //1\ 

u.y (4) 


P."7 P1£ P1"7 Pi/i 

U / — C 1 o — C 1 / — Uo 


0.2 (4) 


pic r^n r\t. 
C 1 J — C 1 o — C 1 / — Uo 


1 /o.O (3 J 


p-7 pu pn pio 
U / — C 1 0 — C 1 / — C 1 0 


1 *7A A 

i /y.y (3) 


pic pu pn pio 
C1J — Clo — CI / — Clo 


1 "7 //1\ 

-1.7 (4) 


p->n pc pio pin 
CZU — U J — C 1 0 — c i y 


n n f a\ 

-1.1 (4) 


p->n pc pi o p 1 -7 
CZU — U J — C 1 0 — C 1 / 


1 /Z.4 (3) 


p/; p 1 -7 pio pc 
Uo — CI / — Clo — Uj 


1.3 (4) 


pu pn pio pc 
C 1 0 — C 1 / — C 1 o — U J 


—1 /O.J (Z) 


Pi/; pn P10 P1Q 

Uo — C 1 / — C 1 o — C 1 y 


— 1 /O.O (3 J 


pu pn pio pin 

Clo — CI / — Clo — ciy 


1 "7 f A \ 

1 .7 (4) 


P1C P1/1 pin PIO 

cij — ci4 — ciy — cio 


A 1 f A\ 

0.1 (4) 


pi p 1 a pin pio 

c j — c 1 4 — c i y — c i o 


1 /O.O (J) 


pc pio pm pi i 
UJ — Clo — Ciy — C14 


1 -7n -> /i \ 
1 /y.z (J) 


pn pio pin p 1 a 
CI / — Clo — Ciy — C14 


n n //i\ 
— O.y (4) 


PI 1 TlT 1 PT> P->1 

Cll — N 1 — Czz — Cz3 


-148.1 (3) 


Nl— C22— C23— C24 


-89.1 (4) 


Nl— C22— C23— C28 


93.5 (4) 


C28— C23— C24— C25 


0.7 (5) 


C22— C23— C24— C25 


-176.7(3) 


C23— C24— C25— C26 


0.0 (5) 
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Czz — JN 1 — CI 1 — Clz 


-50.5 (3) 


p'xi \n pi/ roc 
Cz9 — JNz — Cz6 — CzD 


3. j (j) 


Czz — JN 1 — CI 1 — CIO 


lDU.3 (3) 


\H pi/ PTC 

C30 — JNZ — Cz6 — CzD 


loo.y (3) 


C4 — C1U — CI 1 — JN 1 


lUy.D (3) 


Cz9 — JNz — Cz6 — Cz / 


-[ /6.J (3) 


cy — CIO — Cll — JN 1 


-70.1 (3) 


C30 — JNZ — CZ6 — Cz / 


1 "5 1 

-13.1 (5) 


C4 — C1U — Cll — Clz 


— 16.0 (4) 


pij roc r^^tc \n 
CZ4 — CzD — CZ6 — JN z 


1 "7"7 n /"3\ 

i / /.y (3) 


r^n nn no 

C9 — CIO — Cll — Clz 


164.4 (2) 


/~">/1 /~">C /~">/C /~">"7 

C24 — C25 — C26 — C2 / 


-0.2 (5) 


Nl— Cll— C12— C13 


39.2 (3) 


N2— C26— C27— C28 


-178.4 (4) 


CIO— Cll— C12— C13 


161.8 (2) 


C25— C26— C27— C28 


-0.3 (5) 


Nl— Cll— C12— C2 


-78.3 (3) 


C26— C27— C28— C23 


1.1(6) 


CIO— Cll— C12— C2 


44.3 (3) 


C24— C23— C28— C27 


-1.2 (5) 


CI— C2— CI 2— C13 


33.8 (3) 


C22— C23— C28— C27 


176.2 (3) 



Hydrogen-bond geometry (A, °) 



D — H---A D — H 

08— H8A-01 0.84 

06— H6A-O8' 0.84 

C7— H7B-N1" 0.99 

C13— H13B-06"' 0.99 

C24— H24A-03 iv 0.95 



Symmetry codes: (i) -x+1, >>-l/2, -z+1; (ii) x,y-\,z; (iii) -; 



R-A D-A D—H-A 

1.95 2.777 (3) 170. 

1.97 2.756 (3) 156. 

2.62 3.473 (4) 145. 

2.52 3.463 (4) 159. 

2.35 3.242 (4) 156. 



,j>+l/2,-z+l;(iv) x,y+l,z. 
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